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line trehalose hydrate. 
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Description 

Background nf tho Invention 
5 1- Field of th e invention 



2. Description nfthp prior or« 
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.QnmmarynfthR Invention 

The present invention is to provide a novel non-reducing saccharide, and its uses and preparations from reducing 
partial starch hydrolysates in order to break away a conventionally believed relationship between reducing partial starch 

5 hydrolysates and their DE values, as well as to explore a novel applicability of such a non-reducing saccharide. 

In order to attain the aforementioned object, the present inventors have extensively screened microorganisms capa- 
ble of producing a novel non-reducing saccharide-forming enzyme, which forms non-reducing saccharides having a 
trehalose structure when allowed to act on reducing partial starch hydrolysates. 

As a result, we isolated novel microorganisms of the genera Rhizobium, named as "Rhizobium sp. M-11". and 

w Arthrobacter, named as "Arthrobacter sp. Q36", from the respective soils in Okayama-city, Okayama, Japan, and in 
Sojacity.Okayama, Japan; and found that the microorganisms producea novel non-reducing saccharide-forming enzyme 
which forms non-reducing saccharides having a trehalose structure when allowed to act on reducing partial starch hydro- 
lysates, and that the objective non-reducing saccharides are readily prepared when the enzyme is allowed to act on 
reducing partial starch hydrolysates. 

15 We also found that trehalose is readily preparable by first allowing the enzyme to act on reducing partial starch 
hydrolysates, then subjecting the resultant non-reducing saccharides to the action of glucoamylase or a-glucosidase. 
Thus, the present inventors accomplished this invention. Also, we extensively screened microorganisms capable of 
producing the enzyme from conventional microorganisms. 

As a result, it was found that microorganisms of the genera Brevibacterium, Flavobacterium, Micrococcus, Curto- 

20 bacterium and Terrabacter produce the present non-reducing saccharide-forming enzyme as the microorganisms of the 
genera Rhizobium and Arthrobacter, and we accomplished this invention. Also, we established preparations of compo- 
sitions such as food products, cosmetics and pharmaceuticals which contain the present non-reducing saccharides, 
relatively-low reducing saccharides containing the non-reducing saccharides and/or trehalose prepared from these sac- 
charides, and accomplished this invention. 

25 

Brief Explanation of the Accompanying Drawings 

FIG.1 shows the influence of temperature on the activity of non-reducing saccharide-forming enzyme derived from 
Rhizobium sp. M-11. ' • 

30 FIG.2 shows the influence of pH on the activity of non-reducing saccharide-forming enzyme derived from Rhizobium 
sp. M -11. 

FIG.3 shows the thermal stability of non-reducing saccharide-forming enzyme derived from Rhizobium sp. M-1 1 . 
FIG.4 shows the pH stability of non-reducing saccharide-forming enzyme derived from Rhizobium sp. M-1 1 . 
FIG.5 shows the influence of temperature on the activity of non-reducing saccharide-forming enzyme derived from 
35 Arthrobacter sp. Q36. 

FIG.6 shows the influence of pH on the activity of non-reducing saccharide-forming enzyme derived from Arthro- 
bacter sp. Q36. 

FIG.7 shows the thermal stability of non-reducing saccharide-forming enzyme derived from Arthrobacter sp. Q36. 
FIG.8 shows the pH stability of non-reducing saccharide-forming enzyme derived from Arthrobacter sp. Q36. 

40 

Detailed Description of the Invention 

The present invention relates to a novel non-reducing saccharide-forming enzyme, and its preparation and uses. 
The present invention further relates to a microorganism capable of producing said enzyme, non-reducing saccharides 

45 prepared with said enzyme, relatively-low reducing saccharides containing said non-reducing saccharides, trehalose 
prepared from these saccharides, and compositions containing either or both of these saccharides and trehalose. 

The present inventors have extensively screened microorganisms capable of producing a novel non-reducing sac- 
charide-forming enzyme which forms non-reducing saccharides having a trehalose structure when allowed to act on 
reducing partial starch hydrolysates, and eventually found the objective microorganisms. 

so Now, the present inventors first explain the identification test of the microorganism of the genus Rhizobium, i.e. 
"Rhizobium sp. M-11" according to the present invention. The test was conducted in accordance with the method as 
described in "Biseibutsu-no-Bunrui-to-Doter (Classification and rderrWreatidn of Microorganisms), edited by Takeji 
Hasegawa, published by Japan Scientific Societies Press, Tokyo, Japan (1985). The results were as follows: 

55 A. Morphology 

Characteristics of cells when incubated at 27°C in nutrient agar 
Usually existing a rod form of 0.6-0.8x1 .0-1 .5nm; 
Existing single but uncommonly existing in a coupled- or linked-form; 
Exhibiting no polymorphism; 
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Possessing motility, asporogenicity and f lagellum; 

Non-acid fast; 

Gram stain : Negative; 

Capsule : Negative; 

Metachromatic granule : Positive; and 

Accumulating poly-p-hydroxy butyrate. 

B. Cultural property 

(1 ) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 
Shape : Circular colony having a diameter of about 1 .5mm after 24-hours incubation- 
Rim : Entire; 

Projection : Plane or hemispherical shape; 

Gloss : Positive; 

Surface : Smooth; and 

Color : Creamy and Semitransparent; 

(2) Characteristics of colony formed when incubated at 27°C in agar plate with dextrose and trypton 
Creamy and semitransparent colony with mucoid; yH 

S^rv^f 08 ? f formed When inCUbaied at 27 ° C in a 9 ar P ,ate with veas * extract and mannrtol 
Shape . Circular colony having a diameter of about 3mm after 5-days incubation- and 
Color : Creamy and semitransparent colony with mucoid- 

red Exhibiting a pale pink and a substantial no absorption of congo red- 

(5) Growing at 27«C in agar plate with yeast extract, mannitol and 2 w/v % NaCI- 

fnd S ° f "*"" f ° rmed Whe " inCUb3ted 31 2? ° C in S,ant nUtrient agar Growth : Satisfiable; Shape 
(7) Not liquefying gelatin when stab-cultured at 27°C in nutrient gelatin. 

C Physiological properties 

_ . (1) Reduction of nitrate : Positive - 

(2) Denitrification reaction : Negative 

(3) Methyl red test : Negative 

(4) VP-test : Negative 

(5) Formation of indole : Negative 

(6) Formation of hydrogen sulfide : Positive 

(7) Hydrolysis of starch : Negative 

(8) Utilization of citric acid : Positive 

(9) Utilization of inorganic nitrogen source: Utilizing ammonium salts and nitrates- 

(1 0) Formation of pigment : Forming no soluble pigment 

(11) Urease : Positive 

(12) Oxidase : Negative 

(13) Catalase : Positive 
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(16) Utilization of carbon source and acid formation 
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Carbon source 


Utilization 


Acid formation 


D-Glucose 


+ 


+ 


D-Galactose 


+ 


+ 


D- Fructose 


+ 


+ 


L-Arabinose 


+ 


+ 


D-Xylose 


+ 


+ 


L-Rhamnose 


+ 


+ 


Maltose 


+ ■ 




Sucrose 


+ 


+ 


Lactose 


+ 




Trehalose 


+ 




Raffinose 


+ 


+ 


Mannitol 


+ 




Dextrin 


+ 




Dulcitol 


+ 





(17) Decarboxylase test on amino acid Negative against L-lysine, L-arginine and L-ornithine; 

(18) Utilization of amino acid Utilizing sodium L-glutamate, sodium L-asparate. L-histidine and L-proline; 
30 (19) DNase : Negative; - 

(20) Formation of 3-ketolactose : Negative; and 

(21) Mol% guanine (G) plus cytosine (C) of DNA : 61%. 

The bacteriological properties were compared with those of known microorganisms with reference to Bergey's Man- 

35 ual of Systematic Bacteriology, Vol.1 (1984). As a result, ft was revealed that the microorganism was identified as a 
microorganism of the genus Rhizobium. The microorganism is similar to those of the species Rhizobium meliloti in some 
properties, but they are distinguishable with the fact that the present microorganism utilizes maltose, lactose and mannitol 
but forms no acid, and it produces a non-reducing saccharide-forming enzyme which forms non-reducing saccharides 
having a trehalose structure when allowed to act on reducing partial starch hydrolysates. No publications have reported 

40 such a microorganism having these properties. 

Based on these results, the present inventors named this microorganism "Rhizobium sp. M-11". and deposited it 
on December 24, 1 992, in Fermentation Research Institute, Agency of Industrial Science and Technology, lbaraki. Japan. 
The deposition of the microorganism was accepted on the same day and has been maintained by the institute under 
the accession number of FERM BP-41 30. 

45 In addition to the above-identified microorganism, other strains of the genus Rhizobium and their mutants can be 
suitably used in the invention as long as they produce the present non-reducing saccharide-forming enzyme. 

The identification test of a microorganism of the genus Arthrobacter. i.e. Arthrobacter sp. Q36 according to the 
present invention gave the following results. The test was conducted similarly as in Rhizobium sp. M-1 1 in accordance 
with the method as described in " Biseibutsu-no-Bunrui-to-Doter (Classification and Identification of Microorganisms), 

so edited byTakeji Hasegawa, published by Japan Scientific Societies Press, Tokyo, Japan (1985). The results were as 
follows: 

A. Morphology 

55 (1 ) Characteristics of cells when incubated at 27 in nutrient agar 

Usually exhibiting a rod form of 0.5-0.7x0.8-1 .6nm; Existing single; 
Exhibiting polymorphism; 

Possessing no motility, flagellum and asporogenicity; 
Non-acid fast; 
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Gram stain : Positive; 
Capsule : Negative; and 

(2) Characteristics of cells when incubated at 27°C in EYG agar 
Exhibiting a rod-coccus cycle. 

B. Cultural property 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 
Shape : Circular colony having a diameter of about 2-2.5mm after 3-days incubation- 
Rim : Entire; 

Projection : Hemispherical shape; 
Gloss : Moist gloss; 
Surface : Smooth; and 

Color : Semifransparent and white or pale yellow 

»S^S!SS^ Ce " S Slant - CU,tured at 27 ° C in nufrient W Growth rate : Satisfiable; and 

(4) Characteristics of cells when stub-cultured at 27»C in bouillon and gelatin Liquefying bouillon and gelatin. 
C. Physiological properties 

(1) Reduction of nitrate : Positive 

(2) Denitrification reaction : Negative 

(3) Methyl red test : Negative 

(4) VP-test : Positive 

(5) Formation of indole : Negative 

(6) Formation of hydrogen sulfide : Positive 

(7) Hydrolysis of starch : Negative 

(8) Hydrolysis of cellulose : Negative 

(9) Utilization of citric acid : Positive 

(10) Utilization of inorganic nitrogen source: Utilizing ammonium salts and nitrates- 

(1 1) Formation of pigment : Negative; 

(12) Urease : Positive; 

(13) Oxidase : Negative; 

(14) Catalase : Positive; 
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(17) Utilization of carbon source and acid formation 



w 



15 



20 



Carbon source 


Utilization 


Acid formation 


D-Glucose 


+ 




D -Galactose 


+ 




D- Fructose 


+ 




L-Arabinose 


+ 




D-Xylose 


+ 




L-Rhamnose 


+ 




Maltose 


+ 




Sucrose 


+ 




Lactose 


+ 




Raffinose 


+ 




Mannitol 


+ 




Dextrin 


+ 




Dulcitol 


+ 





(18) Utilization of amino acid Utilizing sodium L-glutamate, sodium L-asparate, L-histidine and L-proline; 

(19) DNase : Positive; 

(20) Formation of 3-ketolactose : Negative; 

30 (21) Major diamino acid of cell wall : Lysine; and 

(22) Mol% guanine (G) plus cytosine (C) of DNA : 63%. 

The bacteriological properties were compared with those of known microorganisms with reference to Bergey's Man- 
ual of Systematic Bacteriology, Vol.2 (1984). As a result, it was revealed that the microorganism was identified as a 

35 microorganism of the genus Arthrobacter. The microorganism has a character that it produces a non-reducing saccha- 
ride-forming enzyme which forms non-reducing saccharides having a trehalose structure when allowed to act on reducing 
partial starch hydrolysates. No publications have reported such an enzyme. 

Based on these results, the present inventors named this microorganism " Arthrobacter sp. Q36", and deposited it 
on June 3, 1 993, in National Institute of Bioscience and Human-Technology Agency of Industrial Science and Technology, 

40 Ibaraki, Japan. The deposition of the microorganism was accepted on the same day and has been maintained by the 
institute under the accession number of FERM BP -43 16. 

In addition to the above-mentioned microorganism, other strains of the genus Arthrobacter and their mutants can 
be suitably used in the invention as long as they produce the present non-reducing saccharide-forming enzyme when 
allowed to act on reducing partial starch hydrolysates. 

45 Any microorganism can be used in the invention as long as it produces the present enzyme. For example, in addition 
to the aforementioned Rhizobiumsp. M-1 1 (FERM BP-41 30) and Arthrobacter sp. Q36 (FERM BP-4316), other hitherto 
known microorganisms such as those of the species Brevibacterium helovolum (ATCC 1 1 822), Flavobacterium aquatitle 
(IFO 3772), Micrococcus luteus (IFO 3064), Micrococcus roseus (ATCC 186), Curtobacterium citreum (IFO 15231), 
Mycobacterium smegmatis (ATCC 1 9420), Terrabacter tumescens (IF0 1 2960) and their mutants can be favorably used 

so in the invention. 

Any nutrient culture medium can be used in the invention as long as these microorganisms can grow therein and 
produce the present non-reducing saccharide-forming enzyme: For example, synthetic- and natural-nutrient culture 
media can be used as the nutrient culture medium. Any carbon-containing substance can be used in the invention as a 
carbon source as long as it is utilized by the microorganisms: Examples of such a carbon source are saccharides such 
55 as glucose, fructose, lactose, sucrose, mannitol, sorbitol, molasses and reducing partial starch hydrolysates; and organic 
acids such as citric acid and succinic acid. The concentrations of these carbon sources in nutrient culture media are 
appropriately chosen. For example, in the case of using reducing partial starch hydrolysates. a preferable concentration 
is usually 20% or lower, more particularly, 5% or lower, d.s.b.. in view of the growth of microorganisms. The nitrogen 
sources usable in the invention are, for example, inorganic nitrogen compounds such as ammonium salts and nitrates; 
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!^°S C nitr ° 9en ^ 0ntainin9 substances such as urea - Mm steep liquor, casein, peptone, yeast extract and beef 
extiact The morgan* mgredients usable in the invention are. for example, calcium salts, magnesium saris potassium 
salts, sodium salts, phosphates and other salts of manganese, zinc. iron, copper, molybdenum and cobalt If necXarv 
amino acids and vitamins can be suitably used in combination. yuaenum ana cobalt, if necessary. 

5 r*™ 6 , 7T, ^ 9ani f mS L" 595 ' 6 in the inVSntion are cuftured under aerobic conditions at a temperature, usually in the 
range of 4-40'C. preferably, in the range of 20-37-C; and at a pH in the range of 4-10. preferably, a pH in the range o" 
5-9. The cultivate time used in the invention is set to a time longer than that required for the grow* init Ltion of the 
microorgan.srns. preferably. 10-100 hours. The concentration of dissolved oxygen (DO) in nutrie^ul e medTa^s not 
specrf.ca ,y restricted, but usually in the range of 0.5-20ppm. The concentration of DO can be kTpt S n tTe^ge by 

ro means of controlling of aeration, stirring, aeration with oxygen, and increasing the inner pressure oTa termed The 
cultivation is carried out batchwise or in continuous manner. rermentor. The 

After completion of the cultivation of microorganisms, the present enzyme is recovered. Inasmuch as the activitv of 
the present enzyme is found in both cells and cell-free supernatants. these cells and supernatants can be reccleS \as 

s nZfj, ^ k 6 ' re l Ultant CUltUre be alS0 intact as a CTude ™y™- Conventiona! Nq^-Sli^parSion 
5 .™thcdsc^nbeem P ^ 

centr^gemeresu.tantculture.as well as those to fixate the culture with precoat filters or to separate 

filtration using plane f.rters or follow fibers, can be suitably used. While cell-free fi.^ 

are^SrSr; "7 be concerrtrated <*™ * ™e concentration methods usabfc i ^nveS Ton 

o ImtT ? ^ S ' n9 ammonium sutfate - sedimentation using acetone and alcohol, and concentration using 

o membranes such as plane filters and follow fibers. w*wcinun using 

V pntion^^!!r teS th6ir . concentrates can be sub i ect «J to conventional immobilization. Examples of such con- 
ZT1T»£ S T C ° njU9a ;°" methods usin 9 ion Changers, covalent bondings and absorptionsusing resins and 

can be used as a crude enzyme without any treatment, or they can be immobilized prior to their use For examote such 

or SJSSS?B^S!^ granules thus obtained can be f bced by treating them with polyethylene inS 
or glutaraldehyde Extracts from cells can be used in the invention as a crude enzyme solution. For example a clear 

"eat^^ enZ T PrSPared * *. present eiymT^m cZ 

treated wrth ultrasonic, mechamcal disruption using glass beads and alumina, and french-press disruption- and subiect- 
' mg the resultant extract to centrifugation or membrane filtration °'srupi.on, ana subject- 

exan^leTlT^vmf ° n ?" f**^™ * T* ^ ° f PUrifiCati0n ^ conventional methods. For 
example, a purified enzyme preparation exh.bit.ng an electrophoretically single band can be prepared by dialyzina a 

c^cenTa^^^ 

The present non-reducing saccharide-forming enzyme thus obtained has the following physicochemical properties: 

(1) Action 

Forming non-reducing saccharides having a trehalose structure as an end unit when allowed to act on one or more 
eduang partial starch hydrolysates having a degree of glucose polymerization of 3 or higher 

(2) Molecular weight 

^slllec^ifSnt^ir' 10 " 5 ° n SOdiUm dodec y ,su,fate -P o| y aci 'y ,ami de 8* electrophoresis (SDS-PAGE); 
About 3.614.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-40°C when incubated at pH 7.0 for 60 min; 

(5) Optimum pH 

About 6.4-7.2 when incubated at 40°C for 60 min; 

(6) Thermal stability 

Stable up to a temperature of about 35-40°C when incubated at pH 7.0 for 60 min- and 

(7) pH Stability 

Stable at a pH in the range of about 5.5-1 1 .0 when incubated at 25«C for 1 6 hours. 

I h ^ art ^ { l th | e P , re f^ non - re °"^n9 saccharide-forming enzyme is assayed as follows: One ml of an enzyme 
solutionis added to 4ml of 1 .25 w/v % maltopentaose in 50mM phosphate buffer ( P H 7.0). and the mixture^onls 
incubated at 40°C for 60 min. The reaction mixtures heated at 100-C for 10 min to suspend th7e^ti c ^ion 
and the reaction mixture is precisely diluted by 10 times with deionised water, followed by dete^X Sudng 



8 



ISOCCID: <EP_0691344A1_I_> 




EP 0 691 344 A1 



power of the diluted solution on the Somogyi -Nelson's method. As a control, an enzyme solution, which had been heated 
at 100°C for 10 min to inactivate the enzyme, is treated similarly as above. One unit activity of the present enzyme is 
defined as the amount of enzyme which eliminates the reducing power of that of one micromole of maltopentaose per 
minute. 

5 Reducing partial starch hydrolysates, which can be used as a substrate for the present enzyme, are those prepared 

by partially hydrolyzing amylaceous substances such as starch, amylopectin and amylose by amylases or acids. Such 
reducing partial starch hydrolysates obtained by the hydrolysis with amylases include those having linear and branched 
chain-structures prepared by hydrolyzing amylaceous substances with amylases such as a-amylase, maltotriose forming 
amylase, maltotetraose forming amylase, maltopentaose forming amylase and maltohexaose forming amylase as dis- 

io closed in Handbook of Amylases and Related Enzymes, published by Pergamon Press, Tokyo, Japan (1988). In the 
case of preparing the reducing partial starch hydrolysates, debranching enzymes such as pullulanase and isoamylase 
can be favorably used in combination with the amylases. One or more maltooligosaccharides such as maltotriose, mal- 
totetraose, maltopentaose, maltohexaose and maltoheptaose can be arbitrary used as a reducing partial starch hydro- 
lysate. 

is The concentration of the reducing partial starch hydrolysates used as a substrate in the invention is not specifically 
restricted. While the present enzymatic reaction proceeds even with a 0. 1% solution of a substrate, the enzymatic reac- 
tion more favorably proceeds with solutions having a concentration of 2% or higher, preferably, those having a concen- 
tration of 5-50% of a substrate, d.s.b. U nder these concentrations non-reducing saccharides having a trehalose structure 
are readily formed in a satisfactorily-high yield. Suspensions containing insoluble substrates can be used in the invention. 

20 The reaction temperature used in the present enzymatic reaction can be set to a temperature at which the present 
enzyme is not inactivated, i.e. a temperature up to about 55°C, preferably, a temperature in the range of 40-50°C. The 
reaction pH used in the present enzymatic reaction is controlled in the range of 5-10, preferably, in the range of about 
6-8. The reaction time used in the present enzymatic reaction is adequately chosen dependently on the conditions of 
the enzymatic reaction. 

25 The resultant reaction mixtures containing non-reducing saccharides have a reducing power much lower than those 
of the material reducing partial starch hydrolysates used as a substrate. For example, in the case of using maltopentaose 
as a substrate, about 93% of the initial reducing power diminishes or the reducing power lowers to about 7% with respect 
to the initial reducing power. k 

The resultant reaction mixtures are in the usual manner subjected to f iltration and centrifugation in order to remove 

30 insoluble substances, and the resultant solutions are decolored with an activated charcoal, desalted with ion exchangers 
in H-and OH-form, and concentrated into syrupy products. The syrupy products can be suitably dried into powdery 
products. If necessary, the powdery products can be readily prepared into non-reducing saccharides with the highest 
possible purity by purifying the powdery products with one or more methods, for example, column chromatographic 
fractionations such as ion-exchange column chromatography, column chromatography using an activated charcoal or a 

35 silica gel; separations using organic acids such as acetone and alcohol; and alkaline treatments to decompose and 
remove the remaining reducing saccharides. 

More particularly, ion-exchange column chromatography can be suitably used in the invention as an industrial-scale 
preparation of the objective saccharides. The objective non-reducing saccharides with an improved purity can be arbi- 
trary prepared by, for example, column chromatography using a strongly-acidic cation exchange resin as described in 

40 Japanese Patent Laid-Open Nos.23,799/83 and 72,598/83 to remove concomitant saccharides. In this case, any one 
of fixed-bed, moving bed, and semi-moving methods can be employed. 

If necessary, the present non-reducing saccharides having a trehalose structure or relatively-low reducing saccha- 
rides containing the non-reducing saccharides can be hydrolyzed by amylases such as a-amylase, p-amylase, glu- 
coamylase and a-glucosidase in order to control their sweetness and reducing power or to lower their viscosity; and the 

45 resultant products can be further treated with processings wherein the remaining reducing saccharides are hydrogenated 
into sugar alcohols to diminish their reducing powder. 

More particularly, trehalose is readily prepared by allowing glucoamylase or a-glucosidase to act on the present 
non-reducing saccharides or relatively-low reducing saccharides containing them. A high trehalose content fraction is 
obtained by allowing glucoamylase or a-glucosidase to act on these saccharides to form a mixture of trehalose and 

50 glucose, and subjecting the mixture to the aforementioned purifications such as ion-exchange column chromatography 
to remove glucose. The high trehalose content fraction can be arbitrary purified and concentrated into a syrupy product, 
and, if necessary the syrupy product can be concentrated into a supersaturated sofufion, folfowed by crystallizing 
hydrous- or anhydrous-crystalline trehalose and recovering the resultant crystal. 

In order to prepare hydrous crystalline trehalose, an about 65-90% solution of trehalose with a purity of about 60% 

55 or higher is placed in a crystallizer. and gradually cooled while stirring in the presence of 0.1-20% seed crystal at a 
temperature of 95°C or lower, preferably, at a temperature in the range of 10-90°C, to obtain a massecuite containing 
hydrous crystalline trehalose. Conventional methods such as separation, block pulverization, fluidized-bed granulation 
and spray drying can be employed in the invention to prepare from the massecuite hydrous crystalline trehalose or 
crystalline saccharides containing it. 
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ln the case of separation, massecuites are usually subjected to a basket-type centrifuge to separate hydrous crys- 
talline trehalose from the mother liquor, and. rf necessary the hydrous crystalline trehalose is washed by spraying with 
a small amount of cold water to facilitate the preparation of hydrous crystalline trehalose with an increased purity In the 
case of spray drying, crystalline saccharides with no or substantially free of hygroscopicity are readily prepared by 
spraying massecuites with a concentration of 70-85%. d.s.b., and a crystallinrty of about 20-60% d s b from a nozzle 
by a high-pressure pump; drying the resultant products with a 60-1 00°C hot air which does not melt the resultant crys- 
talline powders; and aging the resultant powders for about 1-20 hours while blowing thereto a 30-60°C hot air In the 
case of block pulverization, crystalline saccharides with no or substantially free of hygroscopicity are readily prepared 
by allowing massecuites with a moisture content of 1 0-20% and a crystalling of about 1 0-60%, d s b to stand for about 
o 0. 1 -3 days in order to crystallize and solidify the whole contents into blocks; and pulverizing or cutting the resultant blocks. 
Although anhydrous crystalline trehalose can be prepared by drying hydrous crystalline trehalose to convert it into 
anhydrous one. it is generally prepared by providing a high trehalose content solution with a moisture content less than 
1 0%; placing the solution in a crystallizer; keeping the solution in the presence of a seed crystal at a temperature in the 
range of 50-1 60°C. preferably, a temperature in the range of 80-1 40°C under stirring conditions to obtain a massecuite 
s containing anhydrous crystalline trehalose; and crystallizing and pulverizing anhydrous crystalline trehalose by conven- 
tional methods such as block pulverization, f luidized-bed granulation and spray drying. 

The resultant non-reducing saccharides and relatively-low reducing saccharides containing them according to the 
present .nventon have a relatively-lower reducing power and a relatively-higher stability than those of the material reduc- 
ing partial starch hydrolysates. and because of this these saccharides can be mixed and processed with other materials 
> especially, amino acids and amino acid-containing substances such as oligopeptides and proteins without a fear of 
causing an unsatisfiable browning, smell and deterioration of the materials. Unlike reducing partial starch hydrolysates 
these saccharides have a relatively-low reducing power and viscosity, and among these saccharides those with a rela- 
ly^ates 3W * 9 ' UC ° Se P ° lymerization have a satisfactorily-higher quality and more mild sweetness than the hydro- 
< The present non-reducing saccharides are hydrolyzed by amylases such as a-amylase derived from pancreas into 
relatively-low molecular weight non-reducing oligosaccharides or maltooligosaccharides, and these oligosaccharides 
are readily hydrolyzed by cc-glucosidase and intestinal enzymes into glucose and trehalose molecules. The resultant 
rehalose is readily hydrolyzed by trenaJase into glucoses. Thus, the present nonreducing saccharides and relatively- 
low reducing saccharides containing them, as well as trehalose, can be utilized as an energy source by the body when 
orally administered. These present saccharides and trehalose are not substantially fermented by dental carries-inducinq 
microorganisms, and this renders them useful as a dental carries-preventing sweetener 

The present non-reducing saccharides and relatively-low reducing saccharides containing them, as well as treha- 
lose, have a satisf iable stability and sweetness, and those in crystalline form can be arbitrary used as a sugar coating 
material for tablets in combination with binders such as pullulan. hydroxyethyl starch and polyvinylpyrrolidone These 
saccharides and trehalose have properties such as osmotic pressure-controlling ability, filler-imparting ability gloss- 
imparting ability, moisture-retaining ability, viscosity-imparting ability, substantial no fermerrtability, ability to prevent ret- 
rogradation of gelatinized starch, and ability to prevent crystallization of other saccharides. 

Anhydrous crystalline trehalose can be arbitrary used as adesiccant for food products, cosmetics, pharmaceuticals 
and their matenals and intermediates, and readily formed into compositions in the form of powder, granule and tablet 
with a satisf able stability and quality. 

Thus, the present non-reducing saccharides and relatively-low reducing saccharides containing them, as well as 
trehalose prepared from these saccharides, can be arbitrary used as a sweetener, taste-improving agent quality-improv- 
ing agent, stabilizer, excipient and desiccant in a variety of compositions such as food products, tobaccos cigarettes 
feeds, pet foods, cosmetics and pharmaceuticals. y 

The present non-reducing saccharides and relatively-low reducing saccharides containing them, as well as trehalose 
I rSP ?H T ! ,6Se saccharides - ^ be used irrtat * as a seasoning for sweetening. If necessary, they can be used 
together wrth adequate amounts of one or more other sweeteners, for example, powdered syrup, glucose maltose 
sucrose, .somerized sugar, honey maple sugar, isomaltooligosaccharide, galactooligosaccharide. fructooligosaccha- 
ride, lactosucrose, sorbitol, maltitol. lactitol. dihydrocharcone, stevioside. a-glycosyl stevioside, rebaudios.de glycyr- 
lactos'e ^ L * phenylalanine methyl esler - sacc*™™. 9'ycine and alanine; and/or a filler such as dextrin, starch and 

The present non-reducing saccharides and relatively-low reducing saccharides containing them, as well as a pow- 
dery or crystalline trehalose prepared from these saccharides, can be used intact, or, if necessary they can be mixed 
wrth an excipient. filler and binder and formed into granules, spheres, shot-rods, plates, cubes and tablets, prior to their 

The present non-reducing saccharides, relatively-low reducing saccharides containing them, and trehalose pre- 
pared frorn these saccharides have the following features: (i) They have a sweetness which well harmonizes with other 
materials having sour-, acid-, salty-, bitter-, astringent- and delicious-tastes; and (ii) they are highly acid- and heat- 
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resistant. Thus, they can be favorably used in food products in general as a sweetener, taste improving agent and quality- 
improving agent. 

The present non-reducing saccharides, relatively-low reducing saccharides containing them, and trehalose pre- 
pared from these saccharides can be used in seasonings such as amino acids, peptides, soy sauce, powdered soy 
sauce, "miso", "funmatsu-miso" (a powdered miso). "moromf (a refined sake), "hishio" (a refined soy sauce), "iurikake" 
(a seasoned fish meal), mayonnaise, dressing, vinegar. "sanbai-zW (a sauce of sugar, soy sauce and vinegar), "fun- 
matsu-sushi-sif' (powdered vinegar for sushi), "chuka-no-moto" (an instant mix for Chinese dish), "tentsuyu" (a sauce 
for Japanese deep-fat fried food), "mentsuyu" (a sauce for Japanese vermicelli), sauce, catsup, "yakiniku-no-tare" (a 
sauce for Japanese grilled meat), curry roux. instant stew mix, instant soup mix, "dashi-no-moto" (an instant stock mix), 
io nucleic acid condiments, mixed seasoning, "mirin" (a sweet sake), "shin-mirin" (a synthetic mirin), table sugar and coffee 
sugar. 

Also, the present non-reducing saccharides, relatively-low reducing saccharides containing them, and trehalose 
prepared from these saccharides can be freely used for sweetening "wagashr (Japanese cakes) such as "senber (a 
rice cracker), "arare-mochr (a rice-cake cube), "okoshr (a millet-and-rice cake), "mochr (a rice paste), "manjif (a bun 
is with a bean-jam), "uiro" (a sweet rice jelly), "an" (a bean jam), "yokarf (a sweet jelly of beans), "mizu-yokarf (a soft 
adzuki-bean jelly), "kingyoku" (a kind of yokan), jelly, pao de Castella and "amedama" (a Japanese toffee); confection- 
eries such as bun, biscuit, cracker, cookie, pie, pudding, butter cream, custard cream, cream puff, waffle, sponge cake, 
doughnut, chocolate, chewing gum, caramel and candy; frozen desserts such as ice cream and sherbet; syrups such 
as "kajits'u-no-syrup-zuke" (a preserved fruit) and "korimitsu" (a sugar syrup for shaved ice); pastes such as flour paste, 
20 peanut paste, fruit paste and spread; processed fruits and vegetables such as jam, marmalade, "syrup-zuke" (fruit pick- 
les) and "tok'a" (conserves); pickles and pickled products such as "fukujin-zuke" (red colored radish pickles), "bettara- 
zuke" (a kind of whole fresh radish pickles), "senmai-zuke" (a kind of sliced fresh radish pickles) and " rakkyo-zuke" 
(pickled shallots); premixes for pickles and pickled products such as " takuan-zuke-no-moto" (a premix for pickled radish) 
and "hakusai-zuke-no-moto" (a premix for fresh white rape pickles); meat products such as ham and sausage; products 
25 of fish meat such as fish ham, fish sausage, "kamaboko" (a steamed fish paste), "chikuwa" (a kind of fish paste) and 
"tenpura" (a Japanese deep-fat fried fish paste); "chinmf (relish) such as "uni-no-shiokara" (salted guts of sea urchin). 
"ika-no-shiokara" (salted guts of squid), "su-konbu" (processed tangle), "saki-surume" (dried squid strips) and "fugu-no- 
mirin-boshr (a dried mirin-seasoned swellfish); "tsukudanr (foods boiled down in soy sauce) such as those of laver. 
edible wild plants, dried squid, fish and shellfish; daily dishes such as "nimame" (cooked beans), potato salad and "konbu- 
30 makr (a tangle roll); milk products; canned and bottled products such as those of meat, fish meat, fruit and vegetable; 
alcoholic beverages such as synthetic sake, wine and liquors; soft drinks such as coffee, tea, cocoa, juice, carbonated 
beverage, sour milk beverage and beverage containing a lactic acid bacterium; instant food products such as instant 
pudding mix, instant hot cake mix and "sokuseki-shiruco" (an instant mix of adzuki-bean soup with rice cake) and instant 
soup mix; and beverages such as baby foods, foods for therapy, beverages supplemented with nutrition, peptide foods 
35 and frozen foods; as well as for improving the tastes and qualities of the aforementioned food-products. 

The present non-reducing saccharides, relatively-low reducing saccharides containing them, and trehalose pre- 
pared from these saccharides can be also used in feeds and pet foods for animals such as domestic animals, poultry, 
honey bees, silk warms and f ishes in order to improve their taste preferences. These saccharides and trehalose can be 
arbitrary used as a sweetener, taste-improving agent, quality-improving agent and stabilizer in other products in paste 
40 and liquid form such as a tobacco, cigarette, dentifrice, lipstick, rouge, lip cream, internal medicine, tablet, troche, cod 
liver oil in the form of drop, cachou, oral refrigerant, gargle, cosmetic and pharmaceutical. 

The present non-reducing saccharides, relatively-low reducing saccharides containing them, and trehalose pre- 
pared from these saccharides can be used as a quality-improving agent and stabilizer in biologically active substances 
susceptible to lose their effective ingredients and activities, as well as in health foods and pharmaceuticals containing 
45 the biologically active substances. Examples of such a biologically active substance are lymphokines such as a-, p- and 
Y-interferons. tumor necrosis factor-a (TNF-a). tumor necrosis factor-p (TNF-p), macrophage migration inhibitory factor, 
colony-stimulating factor, transfer factor and interleukin 2; hormones such as insulin, growth hormone, prolactin, eryth- 
ropoietin and follicle-stimulating hormone; biological preparations such as BCG vaccine. Japanese encephalitis vaccine, 
measles vaccine, live polio vaccine, smallpox vaccine, tetanus toxoid, Trimeresurus antitoxin and human immunoglobulin; 
so antibiotics such as penicillin, erythromycin, chloramphenicol, tetracycline, streptomycin and kanamycin sulfate; vitamins 
such as thiamine, riboflavin, L-ascorbic acid, cod liver oil, carotenoid, ergosterol and tocopherol; enzymes such as lipase, 
elastase. urokinase, protease, p-amylase, isoamylase, glucanase and lactase; extracts such as ginseng extract, snap- 
ping turtle extract, chlorella extract, aloe extract and propolis extract; viable microorganisms such as viruses, lactic acid 
bacteria and yeasts; and other biologically active substances such as royal jelly. By using the present non-reducing 
55 saccharides, relatively-low reducing saccharides containing them, and trehalose prepared from these saccharides, the 
aforementioned biologically active substances are arbitrary prepared into health foods and pharmaceuticals with a sat- 
isfactorily-high stability and quality without a fear of losing or inactivating their effective ingredients and activities. 

As described above, the methods to incorporate the present non-reducing saccharides, relatively-low reducing sac- 
charides containing them and/or trehalose prepared from these saccharides into the above-mentioned compositions 



11 



EP 0 691 344 A1 

i^Crn^ 6 ^ 8, ^ ^T' 6 ' miXin9 - kneadin9> diSS ° lvin9 - meltin9 - SOakin 9' Permeating, sprinkling, apply- 
"?" 1^' P ray,n ?' ' njeCt,n9 - crvstall,zina and solidifying. These saccharides and trehalose are usuaNy incomorated 
.nto the above-mentioned compositions in an amount of 0.1% or higher, preferably, one % or h^her d7b 
The following experiments explain the present invention more in detail 

exolS*^^ amylaS6 d6riVed ,r ° m 3 novel "^organism of Rhizobium sp. M-1 1 is 

production, punhcation and property; and secondary, a non-reducing saccharide-forming enzyme 
de rvedfrom a microorganism of Arthrobactersp. Q36 is explained similarly as in the mi^roorg^ism «?S25ST 
M-1 1. Th,rd.y. non-reducng saccharide-forming enzymes derived from hitherto known microorganisms are ^xpSi 
Experiment 1 

Production of non-reducing saccharide-fnr m ino enzvme from Rhimhium gp m.i 1 

A liquid nutrient culture medium, consisting of 2.0 w/v % maltose. 0.5 w/v % peptone 0 1 w/v % veast Pxtmrt n 1 

100 ml al.quots of the nutrient curture medium were placed in 500-ml Erlenmeyer flasks, autodSed at 120<S tor 20 
mmtrtes to effect sterilization, cooled, inoculated with a stock culture of Rhizobium sp M MiTfeRM BP 7i£i J2 
Slu^ 

f 0 " 1 2 0 L of a fresh preparation of the same nutrient culture medium used in the above culture was olaced in a 

ho.", »?T stenlized ' 000,6(1 10 30 ° c - inocu,ated wrth one w/v % of the cuiu^SSZTtolSS m 

^ ^ unS 9 A U i: r CO , ndrt, '° nS 3t 3 °° C and PH 6 °- 8 °- 7716 resultant h «d an enzCe of 

about 15 iurnts/ml. A portion of the culture was centrifuged to separate cells and culture supernatant and the cells were 

S * "f^ P hos P hate buffer (P H 7 °> to give the original volume of the portion. ^oZt^^^Z 
actv.tes of the cell suspension and culture supernatant to give about 0.6 units/ml and about 0.9 unrts/ml keST 



Purification of enzvma 



An about 18 L of the culture obtained in Experiment 1 was treated with "Mini-Rabo" a supper hiqh-oressure cell 
disrupting apparatus commercialized by Dainippon Pharmaceutical Co.. Ltd., Tokyo, Japan to di^u^pt ceMs ^^nssultant 
mixti.remsc^^ 

ammon,um sulfate and dissolved to give a saturation degree of 0.2. and the resultant solution 
4"C for one hour, and centrifuged at lO.OOOrmp for 30 min to obtain a supernatant 

he resuHant dialyzed solution was divided into 2 portions which were then separate ysu^^ 

;StS^~ 

The objective enzyme was adsorbed on the ion exchanger, and eluted from the column with a fresh Dreoaration of 
^JS^ buffer supplemented with salt. The resultant fractions having the object enz^me'aS were 

™°11T Ut ° n thUS ° btained WaS centrrfu 9ed * 10.000rpm for 30 min to remove insoluble substances and the 
esutent supernatant was subjected to hydrophobic column chromatography using a colum ToacS wrt^oo^l ol 
Butyl-Toyopear.® 650", a hydrophobic gel commercialized by Tosoh CorJoEL. Tti^S^ i^e e^yme aSi 

on the gel was eluted from the column with a liner gradient buffer from 2M to 0M, followed by recoverSTa^s wS 

a resin for gel chromatography commercialized by Tosoh Corporation. Tokyo. Japan, followed by re £veTng f^etifns 
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with the enzyme activity. The enzyme activity, specific activity and yield in each purification step are as shown in Table 1 . 

Table 1 



Purification step 


Enzyme activity (unit) 


Specific activity (units/mg protein) 


Yield (%) 


Culture 


26,800 




100 


Supernatant after cell disruption 


20,300 


0.10 


76 


Dialyzed solution after salting out 
with ammonium sulfate 


16,100 


0.32 


60 


Eluatefrom ion-exchange column 


11,300 


5.5 


42 


Eluatefrom hydrophobic column 


5,730 


98 


21 


Eluate from gel filtration column 


3,890 


195 


15 



A ourif ied enzyme preparation, obtained as an eluate from gel filtration column in Table 1 . was determ.ned its purity 
on electrophoresis using 7.5% polyacrylamide gel to exhibit a single protein band, and this revealed that the preparation 
20 was an electrophoretically homogeneous enzyme with a relatively-high purity. 



Pmpprtv of enzvme 

2 \ The purified enzyme preparation obtained in Experiment 2 was subjected to elec *°P^^ 

dodecylsulfate polyacrylamide gel, and this revealed that the molecular we.ght was about 77.000-87.000 daltons in 
comparison with those of marker proteins commercialized by Japan Bio- Rad Laboratories, Tokyo. Japan , 

The purified enzyme preparation was subjected to isoelectrophores.s using polyacrylamide gel containing 2 y/v % 

so "Ampholine" an ampholyte commercialized by Pharmacia LKB Biotechnology AB. Uppsala. Swedea The r^uKarf ^e. 
was sliced into pieces, and a gel piece containing the enzyme was determ.ned its pH to reveal that the enzyme has a 

P ' ° f Effeds 3 ofttmperature and pH on the enzyme were studied in accordance with the assay as used for the enzyme 
activity. These results were respectively shown in FIG.s 1 and 2. The optimum temperature ol f the er^mewas ^about 

35 40°C when reacted at pH 7.0 for 60 min. and the optimum pH was about 7.0 when reacted at 40°C for 60 mm. The 
Z^Zm ^l enzyme was determined by incubating rt in 50mM phosphate buffs* ( P H 7.0) at ^erent e 
peraturesfor 60 min. cooling the buffers, and assaying the remaining enzyme a <*^ in !^^ 
the enzyme was determined by incubating it in 50mM phosphate buffers having i different pHs at 25 C ^» J™* 
adjustingthe buffers to pH 7. and assaying the remaining enzyme activity in each buffer. The results of thermal sabilty 

40 and pH stability were respectively shown in FIG.s 3 and 4. The enzyme was stable up to a temperature of about 40 C 
and at a pH of about 6-9. 



Experiment 4 



An aqueous solution containing 20% glucose, maltose, maltotriose. maltotetraose. maltopentaose. ma^exaose 
or maltoheptaose as a substrate was prepared, and mixed with 2 units per g substrate. d.s.b, of the P»^'ed enzyme 
preparation obtained in Experiment 2. and the resultant mixture was subjected to an enzymatic reaction at 40 C .and 
pH70for48hours.Thereactionmixturewasdesalted and analyzed on high-performance liquid chromatography (HPLC) 
using "Wakobeads WB-T-330 column", a product of Wako Pure Chemical Industries Ltd.. Tokyo, Japan. The HPLC 
orocedure was conducted at an ambient temperature and a flow rate of O.Sml/min of water as an eluent. and "RI-801 2 . 
a differential refractometer commercialized by Tosho Corporation. Tokyo, Japan, was used for analyzing reaction prod- 
ucts. 
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The results were as shown in Table 2. 



Table 2 



5 
10 


Substrate 
Glucose 
Maltose 
Maltotriose 


Product 

Glucose 
Maltose 

Maltotriose 


Elution time on HPLC (min) 
33.4 
28.5 
23.3 
25.9 


Percentage (%) 
100.0 
100.0 

35.0 

65.0 




Maltotetraose 


Maltotetraose 


21.6 
24.1 


85.6 
14.4 


15 


Mahopentaose 


Maftopentaose 


19.7 
22.6 


92.7 
7.3 


20 


Maltohexaose 


P IV 

Maltohexaose 


18.7 
21.4 


93.5 
6.5 


Maltoheptaose 


P V 

Maltoheptaose 


17.8 
21.0 


93.4 
6.7 


25 


■Noxe. in me laoie, the symbols "P I" "P ir -p iii" -p n,- anr) -TTTT; «- 


formed from the 
eptaose. 



anew^r^ 

> revealed that P II, P III, P | V and P V wh ich T have a dearee rt^l- T^ 6 *™* substarrtial| y detected. It was 
i.e. a percentage of 85% or higher, 1 t " "™ * h ' gh yie,d ' 

higher, gave a relatively-low yield. It was reveale^tha no novl "JS? h T* 6 ° f 9 ' UC ° Se P^^on of 3 or 

in order to purrfy the ne^rn^s^^ from 9 lucose ™,tose. 

•XT-1016 (Na-form. polymerization degree of 4%)" n*SS ^ 00lumn ^^aphed °" 
cialized by Tokyo Organic Chemical IndUiel Ud..' To^Ta^^el^^^ 

columns. each column having an inner diameter of 2 0cm and Ta^encln of Tn^ , jacketed - stainl ** steel 

series, fed with a 5 v* % reaction mixture containing ^ «^ Sfi!! ^ h 

was keeping at 55°C, and eluted with 55°C hot water at a flow ™2 % Wf! , * the ' nner Column tem Perature 
saccharide fraction containing 97% or higher of ^ Se d s b Kl^ °J?J? ^ 3 high "P u ^ 
h-gh-purity preparation of a novel saccharide. The yieldslfT? p H P m Mv" 2? .v 35 ^ " TO l ° ^ 3 
65%, 82%. 80% and 77% with respect to their matiialLcrharHoc h I -J? ' V W6re res P ectiv ely about 9%. 
were respectively about 97.5* ^^^T^^list ^ * ? P "' P l "' P « Vand P * 



Saccharide preparation 


Purity (%) 


DE 


PI 


97.5 


0.83 


P II 


98.6 


0.35 
0.10 


P III 


99.5 


p rv 


98.4 


0.27 


PV 


98.4 


0.23 
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As evident from the results in Table 3, each saccharide preparation only showed a slight reducing power. It was 
estimated that the slight reducing power was due to the remaining reducing maltooligosaccharides originated from sub- 
strates, and this led to a conclusion that the newly formed saccharides were substantially non-reducing saccharides. 

5 Experiment 5 
Maillard reaction 

A solution, containing of one % glycine and 10% of a saccharide preparation PI, P II, P III, P IV or P V in Experiment 
w 4 and 50mM phosphate buffer (pH 7.0), was kept at 1 00°C for 90 min, followed by cooling the resultant solution, and 
determining its absorbance at a wave length of 480nm in 1 -cm cell. As a control, maltotriose, maltotetraose, maltopen- 
taose, maltohexaose and maltoheptaose as a material for the saccharide preparations were similarly treated as above, 
and measured their absorbances at a wave length of 480nm. The results were as shown in Table 4. 



Table 4 



20 



30 



Saccharide preparation 


Coloration degree (480nm) 


Judgement 


P I 


0.027 


Present invention 


P II 


0.018 


Present invention 


P III 


0.012 


Present invention 


P IV 


0.016 


Present invention 


P V 


0.015 


Present invention 


Maltotriose 


0.623 


Control 


Maltotetraose 


0.475 


Control 


Maltopentaose 


0.369 


Control 


Maltohexaose 


0.318 


Control 


Maltoheptaose 


0.271 


Control 



As evident from the results in Table 4, it was revealed that the newly-formed non-reducing saccharides P I. P II, P 
35 III. P IV and P V only showed a slight coloration caused by the maillard reaction, i.e. the coloration degree was only 3- 
6% of those of their corresponding material maltooligosaccharides. The results revealed that the non-reducing saccha- 
rides formed by the present enzyme are substantially free from the maillard reaction. 

Experiment 6 

40 

Enzvmatic hvdrolvsis bv alucoamvlase 

Fifty mg aliquots of non-reducing saccharides P I, P H. P III. P IV and P V in Experiment 4 were respectively dissolved 
in one ml of 50mM acetate buffer (pH 4.5), admixed with one unit of glucoamylase commercialized by Seikagaku-Kogyo 
45 Co.. Ltd.. Tokyo. Japan, to effect enzymatic hydrolysis at 40°C for 6 hours. The only saccharides detected in every 
resultant mixture on HPLC analysis were glucose and trehalose. The contents of the detected glucose and trehalose. 
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and their molecular ratios were as shown in Tale 5. 



Table 5 



Saccharide preparation 


Glucose (%) 


Trehalose (%) 


Molecular ratio (Glucose/Trehalose) 


P I 


36.2 


63.8 


1.07 


P II 


52.0 


48.0 


2.06 


P III 


61.4 


38.6 


3.02 


P IV 


68.3 


31.7 


4.09 1 


P V 


72.9 


27.1 


5.11 



linkage or a-1,6 linkage: The non-reducing saccharide P I is a nwredudnoM^^ 

saccharide having DP 4 and consisting of two moles of glucose bound to one mole of trehalose ' u , ! " r «* uan 9 
« ^! h having DP 6 and consisting of four moles of glucose bound to one mole of trehalose and P V a non-re&jcina 



Experiment 7 
Hydrolys is bv enzymes 



dase was conducted under the same conditions as in the case of a an^e^c^ 

was used as a buffer. The enzymatic reaction with the rat intestinal acetone oaS^^^^I^ f J? } 

condrtions as in t^ecase of a-am^ase except that 50mMm^ 

^*°nsc*ta,nedw^ 
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7 and 8 in this order. 

Table 6 



Saccharide 


Saccharide composition o1 hydrolysate 




P I 


Pll 


G3 


G2 


G1 


P I 


97.3 


0 


2.3 


0.4 


0 


P II 


0 


98.8 


0.4 


0.8 


0 


P III 


61.0 


4.8 


0 


33.0 


1.2 


P IV 


47.2 


3.3 


40.4 


7.5 


1.6 


P V 


10.2 


44.9 


35.3 


8.6 


1.0 


Note: In the table, the symbols "G3", "G2" and "G1 " means maltotriose, maltose and glucose respectively. 



Table 7 



Saccharide 


Saccharide composition of hydrolysate with a-glucosidase 




Glucose (%) 


Trehalose (%) 


Other saccharides (%) 


P I 


36.5 


63.0 


0.5 


P II 


52.1 


47.6 


0.3 


P III 


61.7 


38.1 


0.2 


P IV 


69.5 


30.2 


0.3 


P V 


71.4 


28.3 


0.3 



Table 8 



Saccharide 


Saccharide composition of hydrolysate with rat intestinal acetone powder 




Glucose (%) 


Trehalose (%) 


Other saccharides (%) 


PI 


37.2 


62.4 


0.4 


P II 


52.5 


47.1 


0.4 


P III 


62.0 


37.6 


0.4 


P IV 


68.8 


30.8 


0.4 


P V 


73.4 


26.5 


0.1 



As evident from the table 6, it was revealed that the saccharide preparations P I and P II were not substantially 
hydrolyzed by a-amylase, while the saccharide preparations P III. P IV and P V were hydrolyzed by a-amylase into lower 
so molecular weight oligosaccharides, P I, P II, maltotriose, maltose and glucose. 

As evident from the results in Tables 7 and 8, it was revealed that similarly as in Experiment 6 with glucoamylase 
the saccharide preparations P I, P II, P 111. P IV and P V were hydrolyzed by a-glucosidase and rat intestinal acetone 
powder into glucose and trehalose molecules. 

To the resultant hydrolysate obtained with a-glucosidase or rat intestinal acetone powder was added one unit tre- 
ss halase derived from pig kidney, an enzyme preparation of Sigma Chemical Company, St., Louis. USA, and the mixture 
was incubated at pH 5.7 and 37°C for 1 8 hours, followed by analyzing the saccharide composition of the resultant mixture 
on HPLC to reveal that trehalose, formed from the saccharide preparations P I, P II. P III, P IV and P V, was hydrolyzed 
by trehalase into glucose molecules. 

These observations are summarized as follows: 
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i , Z J° a 1 0n °1f ° r m ° re redUCin9 Part,al starch h ydrolysates having a degree of glucose polymer- 
ization of 3 or h.gher without changing their degrees of glucose polymerization- a nd sepoiymer 

S^tr^T"^^ 9 ^ h *J de P V is h/drolyzed by a-amy.ase into the non-reducing saccharide P II and 

tTo moiS of^ucose 6 n ° n - fedUC,n9 "° ehar,dB P " iS hydrol ^ zed » 9>"Coamy.ase into one mole of treha.ose and 

on,™ Q Sed h ° n h *f 56 T^"?' ? W3S concluded that tne P'«*nt non-reducing saccharide-forming enzyme is a novel 
S ^tramol^ulariy converts a reducing end unit in reducing partial starch hydrolysates to a non re^udng 
end unit, a trehalose residue, i.e. a trehalose structure. 9 



. By \ USi ^ I*? 6k °' d dd " strain mice - the non-reducing saccharide preparation P I. P II, P III P rv or P V was orallv 
admm^ered to the mice for its acute toxicity test. As a result, it was revealed that these saccharide Reparations a e 

^SS^tT a : el T 6lY ' iOW ^ ^ 00 mou8e died *» n when administered with t^em at the h^heS 

poss,ble doses. Though not so accurate, the values of LD 50 of these saccharide preparations were 50g/kg or higher 

Experiment 3 

Production pf npn-rBduanq saccharide-forminn Rn^ym g from Arthmhzctersp oas 

w K^j'Sr 5 inExperiment 1 - a seed culture <* ^ooactersp. Q36 (FERM BP-4316) was cultured by a fermentor 
or about 72 hours ,n place of Rhizobium sp.M-M (PERM BP-4130). The enzymatic activity of anon ^ 
forming enzyme in the resu.tant culture was about 1.2 units/ml. Similar.y a^n ExpeS 1 Tc3^S^ 
SSJSJSKT reSU ' tant CUrtUre ' ^ th6ir a ^ iti6S to .*«* 0.5 un^rn'and lout 0-7 



P urification of enzyme 



ca , H Y 30 abOUt 18 L ° f * he r6SUltant Culture obtained ^ tne method in Experiment 9. the resultant non-reducina 



Table 9 



Purification step 



Supernatant after cell disruption 



Dialyzed solution after salting out 
with ammonium sulfate 



Eluate from ion-exchange column 



Eluate from hydrophobic column 



Eluate from gel filtration column 



Enzyme activity (unit) 



21,600 



Specific activity (units/mg protein) 



Note: The symbol — means a non-reducing saccharide-forming enzyme. 



Yield (%) 



on JiSSS enzyme preparation obtamed as the eluate from gel filtration column in Table 9. was studied on its purity 
on elec1ro P hores.s similarly as ,n Experiment 2 to reveal a single protein band, and this showed that the enzyme 52 
aration was a relafcvely-h.gh purity enzyme having an electrophoretically single band ^ 
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Experiment 1 1 
Property of enzyme 

5 The purified enzyme preparation obtained in Experiment 1 0 was determined its molecular weight on SDS-PAGE to 

give about 76,000-86,000 daltons. The pi of the enzyme preparation was determined on isoelectrophoresis similarly as 
in Experiment 3 to give a pi of about 3.6-4.6. The effects of temperature and pH on the enzyme preparation, and the 
thermal stability and pH stability thereof were studied similarly as in Experiment 3. These results on temperature, pH, 
thermal stability and pH stability were respectively as shown in FIG.s 5, 6, 7 and 8. 

io As evident from these FIG.s, the optimum temperature of the enzyme preparation is about 40°C; the optimum pH, 
about 6.5-7.0; the thermal stability, up to about 40°C; and the pH stability, about 6.0-9.5. 

Experiment 12 

15 Preparation of non-reduci na saccharide 

By using the purified enzyme preparation obtained in Experiment 10, the preparation and the confirmation of the 
structure of non-reducing saccharides were experimented in accordance with the methods in Experiments 4 and 6. As 
a result, it was revealed that the enzyme preparation forms one or more non-reducing saccharides, which has a trehalose 
20 structure as an end unit and a degree of glucose polymerization of 3 or higher, when allowed to act on one or more 
reducing partial starch hydrolysates having a degree of glucose polymerization of 3 or higher. 

Experiment 1 3 

25 Preparation and property of non-reducina saccharide-formi no enzyme from known microorganisms 

Among known microorganisms the microorganisms as listed in Table 10, which had been conf irmed to produce the 
present non-reducing saccharide-forming enzyme, were cultured by a fermentor at 27°C for 72 hours similarly as in 
Experiment 1 except that a microorganism of Mycobacterium smegmatis (ATCC 1 9420) was cultured at 37°C. Eighteen 
30 L of each resultant culture was subjected to a cell disrupting apparatus, and the resultant supernatant was salted out 
with ammonium sulfate, dialyzed, and subjected to an ion-exchange column to obtain a partially purified enzyme prep- 
aration, followed by studying its properties. 
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The results were tabulated in Table 10. 
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saccharides having a trehalose structure as an end unit and a degree of glucose polymerization of 3 or higher when 
allowed to act on one or more reducing partial starch hydrolysates having a degree of glucose polymerization of 3 or 
higher. 

5 Experiment 14 

Partial amino acid sequence of non-reducing saccharide-forminq enzyme 

Experiment 14 m 

70 

Amino acid sequence containing N-terminal 

A part of a purified enzyme preparation derived from Rhizobium sp. M-11, obtained by the method in Experiment 
2, and a part of a purified enzyme preparation derived from Arthrobacter sp. Q36, obtained by the method in Experiment 
is 1 0, were dialyzed against distilled water, and about 80ng protein of each resultant preparation was used as a sample 
for determining their amino acid sequences containing their N-terminals. The amino acid sequences were analyzed on 
"Protein sequencer Model 473A", an apparatus of Applied Biosystems, Inc., Foster City, USA, to reveal their 10 amino 
acid residues from their N-terminals. Partial amino acid sequences containing the N-terminals of the enzyme prepara- 
tions were as shown in Table 11. 



Table 1 1 



Origin 


Partial amino acid sequence containing N-terminal 


Rhizobium sp.M-1 1 


valine (or methionine)-arginine-threonine-proline-alanine-serine-threonine-tyrosine- 
arginine-leucine- 


Arthrobacter sp. Q36 


methionine-arginine-threonine-proline-valine-serine-threonine-tyrosine-arginine-leucine- 



3D As evident from Table 1 1, the partial amino acid sequence containing the N-terminal of the enzyme preparation 
from Rhizobiumsp. M-1 1 differs from that of Arthrobacter sp. Q36 in that the N-terminal amino acid residue of the former 
is valine or methionine and that of the latter is methionine, while they have 8 common amino acid residues among the 
analyzed 1 0 amino acid residues. More particularly, they completely coincide with each other in that they have the same 
amino acid sequence consisting of 3 amino acid residues which are positioned between L-arginine corresponding to 

35 the second amino acid residue with respect to their N-terminals and L-proline corresponding to the forth amino acid 
residue with respect to their N-terminals; as well as having the same amino acid sequence consisting of 5 amino acid 
residues which are positioned between L-serine corresponding to the sixth amino acid residue with respect to their N- 
terminals and L-leucine corresponding to the tenth amino acid residue with respect to their N-terminals. It was revealed 
that these enzyme preparations have a common partial amino acid sequence containing N-terminal of X r arginine- 

40 threonine-proline-X 2 -serine-threonine-tyrosine-arginine-leucine- (wherein "X^ means valine or methionine and "X 2 " 
means alanine or valine). 

Experiment 14 (2) 

45 Internal partial amino acid sequence 

A part of a purified enzyme preparation derived from Rhizobium sp. M-11, obtained by the method in Experiment 
2, and a part of a purified enzyme preparation derived from Arthrobacter sp. 036, obtained by the method in Experiment 
1 0, were dialyzed against 1 0mM Tris-HCI buffer (pH 9.0) , and the resultants were respectively diluted with a fresh prep- 

50 aration of the same buffer to give about one mg/ml. To one ml aliquots of the resultant solutions were added 10ug "Lysyl 
Endopeptidase" commercialized by Wako Pure Chemical Industries, Ltd., Tokyo, Japan, and allowed to react at 30°C 
for 22 hours to form peptides. The resultant mixtures were subjected to reverse phase high-performance liquid chroma- 
tography (reverse phase HPLC) to separate the peptides. The apparatus and conditions used to separate the peptides 
of the enzyme preparation from Rhizobium sp. M-1 1 on the reverse phase HPLC were "CAPCELL PAK C18 column", 

ss a diameter of 4.6mm and a length of 250mm, a product of Shiseido Co., Ltd., Tokyo, Japan; a flow rate, 0.6ml/min; a 
temperature, an ambient temperature; an elution time, 60 min; and a gradient, a liner gradient of a solution containing 
0.1 v/v % tr'rfluoro acetate and acetonitrile ranging from 16-48 v/v %. The apparatus and conditions used to separate 
the peptides of the enzyme preparation from Arthrobacter sp. Q36 on reverse phase HPLC were >-Bondapak C18 
column" having a diameter of 2.1mm and a length of 150mm. a product of Waters Chromatography Div.. MILLIPORE 
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Corp.. Milford, USA. a flow rate. 0.9ml/min; a temperature, an ambient temperature; an elution time 60 min- and a 

The peptides eluted from the columns were detected by monitoring an absorbency at a wavelength of 210nm From the 
enzyme preparation of Rhizobium sp. M-1 1 three peptides named as R37, R40 and Sle respectTe ration 

' ■ 42 " fr ° m the enZVme Preparati0n <* ^robactersp. c£^££^T£ 

A22 and A40 having the respective retention times of about 1 7. 22 and 40 were recovered after sSratton «w^»»i 
peptides, fo.lowed by drying the resu.tant peptides in vacuo and dissolving themTn SK^SSSS 
concentrations of 0.1-50% acetonrtri.e. Each peptide specimen thus obtained was subjected to ^'S s^uen^r to 



Table 12 



Origin 


Peptide 


Internal partial amino acid sequence 


Rhizobium sp. M-11 


R37 


glycine-valine-glutamic acid-Aspartic add-threonine- 
alanine-phenylalartine-phenylalanine-arginine-tyrosine- 


R40 


leucme-valine-glutamine-leucine-threonine-methionine- 
proline-glycine-valine-proline- 


R42 


glutamic acid-glycine-arginine-glydne-serine-proline- 
tyrosine-alanine-valine-alanine- 


Arthrobactersp. Q36 


A17 


glycine-vahne-glutamic acid-aspartic acid-threonine- 
alanine-phenylalanine-phenylalanine-arginine-tyrosine- 


A22 


leucine-valine-glutamme-leucine-threonine-methionine- 
proline-glycine-valine-proline- 


A40 


glutamic acid-glycine-arginine-glutamine-serine- 
arginine-tyrosine-alanine-glutamic acid-alanine- 



Snti J aoo a °° ,nc,ded wrth of P^de R40. while that of peptide R40 completely coincided with that of 
, r69ardS P6Pt,deS R42 and A40 ' they have 7 common "*» add rescues Long S^naTyze^ 1 o 
am.no acd residues; ..e. peptides R42 and A40 have a common partial amino acid sequence ofXardc aodSn^ 

The following Examples A illustrate the preparation of the present non-reducing saccharides relatjvel v-low r»d„rin„ 
s^elar^™'^ 
Examnta A-1 



bv ai^nfof T^i^T " if ERM BP - 4130) inOCUla,ed in a """-« «*" ™»«n and incubated 

Six % suspension of potato starch. d.s.b.. was gelatinized by heating, adjusted to pH 4.5 and 50°C mixed with 2 500 
SLl 'soamylase commercialized by Hayashibara Biochemica. Laboratories Inc.. Oteyama Japan an^ 

subjected to an enzymatic reaction for 20 hours. The resultant mixture was adjusted to pH 6 0 atfcXed Sr £ 

industii A/S. Copenhagen. Denmark, and subjected to an enzymatic reaction for 24 hours 

. 7 16 rea ^ 0nmbrtLJre was autoclaved at 120°C for 20 min. cooled to 45°C. admixed with one unit per g starch of the 
above non-reducing sacchande-forming enzyme, and subjected to an enzymatic reaction for houre The 7esu fert 
m.xture was kept at 95<>C for 1 0 min. coded and filtered. The resultant filtrate was in lhe^^» d2^SS 
an activated charcoa.. and purified by desalting it with ion-exchange resins in H- and Oh -formT «Z 
was concentrated into a 70% syrup in a yield of about 91%. d.s.b. resultant soluhon 
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The product exhibits a DE 18.8, and contains 8.3% P I, 5.5% P II. 37.7% P III, 1.4% P IV and 1.3% P V. d.s.b. The 
product has a mild and high-quality sweetness, as well as an adequate viscosity and moisture-retaining ability, and these 
render it arbitrary useful in food products, cosmetics and pharmaceuticals as a sweetener, taste-improving agent, quality- 
improving agent, stabilizer and filler. 

5 

Example A-2 

A saccharide solution as a feed solution, obtained by the method in Example A-1 , was fractionated by using a column 
packed with "XT-1016 (NaMorm, polymerization degree of 4%)", an alkaline metal strongly-acidic cation exchange resin 

10 commercialized by Tokyo Organic Chemical Industries Ltd., Tokyo, Japan. The procedure was as follows: The resin was 
packed in 4 jacketed-stainless steel columns having an inner diameter of 5.4cm, and the columns were cascaded in 
series to give a total gel-bed depth of 20m. The columns were heated to give the inner column temperature of 55°C, 
. and fed with 5 v/v % of the saccharide solution while keeping at the temperature, and the saccharide solution was 
fractionated by feeding to the columns with 55°C hot water to remove fractions rich in glucose and maltose, followed by 

15 recovering fractions rich in non-reducing saccharides. The fractions rich in non-reducing saccharides were pooled, puri- 
fied, concentrated, dried in vacuo, and pulverized to obtain a powdery product containing non-reducing saccharides in 
a yield of about 61%, d.s.b. 

The product exhibits a DE 5.7 and contains 9.3% P I, 7.4% P II, 55.5% P III, 2.1% P IV and 1 .9% P V, d.s.b. Similarly 
as the product in Example A-1 , the product has a mild and high-quality sweetness, as well as an adequate viscosity and 
20 moisture-retaining ability, and these render it arbitrary useful in food products, cosmetics and pharmaceuticals as a 
sweetener, taste-improving agent, quality-improving agent, stabilizer and filler. 

Example A-3 

25 Thirty-three % suspension of corn starch, d.s.b., was mixed with calcium carbonate to give the final concentration 
of 0.1 %, d.s.b., and the resultant mixture was adjusted to pH 6.5, admixed with 0.2%, d.s.b., per g starch of "Termamyl 
60 L", a-amylase commercialized by Novo Industri A/S Copenhagen Denmark, and subjected to an enzymatic reaction 
at 95°C for 15 min. The reaction mixture was autoclaved at 120°C for 10 min, cooled to 55°C, admixed with 5 units per 
g starch of maltotetraose-forming amylase commercialized by Hayashibara Biochemical Laboratories Inc., Okayama, 

30 Japan, and subjected to an enzymatic reaction for 6 hours. The resultant mixture was admixed with 30 units per g starch 
of "a-amylase 2 A", a-amylase commercialized by Ueda Chemical Co., Ltd. , Osaka. Japan, and subjected to an enzymatic 
reaction at 65°C for 4 hours. The reaction mixture was autoclaved at 120°C for 10 min, cooled to 45°C, admixed with 2 
units per g starch of a non-reducing saccharide-forming enzyme obtained by the method in Example A-1 , and subjected 
to an enzymatic reaction for 64 hours. The resultant mixture was kept at 95°C for 10 min, cooled and filtered to obtain 

35 a filtrate which was then decolored with an activated charcoal in the usual manner, and purified by desalting it with ion- 
exchange resins in H- and OH-form, followed by concentrating the resultant solution to obtain a 70% syrup in a yield of 
about 90%, d.s.b. 

The product exhibits a DE 10.5 and contains 3.7% P I, 43.7% P II, 1.2% P III, 1 .1% P IV and 0.6% P V. d.s.b. The 
product has a mild and high-quality sweetness, as well as an adequate viscosity and moisture-retaining ability, and these 
40 render it arbitrary useful in food products, cosmetics and pharmaceuticals as a sweetener, taste-improving agent, quality- 
improving agent, stabilizer and filler. 

Example A-4 

45 A saccharide solution as a feed solution, obtained by the method in Example A-3, was column chromatographed 
in accordance with the method in Example A-2 except that "50W-X4 (Mg'Morm)", a strongly-acidic cation exchange 
resin commercialized by Dow Chemical Co., Midland, Michigan, USA, was used as a resin for fractionation in order to 
increase the content of non-reducing saccharide P II (DP 4) and to obtain a non-reducing saccharide P ll-rich fraction. 
The fraction was purified, concentrated and spray dried to obtain a powdery product rich in non-reducing saccharides 

so in a yield of about 40%. d.s.b. 

The product contains 8.5% P I, 68.0% P II and 1 .4% P III, d.s.b., as a non-reducing saccharide, and exhibits a DE 
3.5 and a substantially non or low reducing power. Similarly as the product in Example A-3, the product has a mild and 
high-quality sweetness, as well as an adequate viscosity and moisture-retaining ability, and these render it arbitrary 
useful in food products, cosmetics and pharmaceuticals as a sweetener, taste-improving agent, quality-improving agent, 

55 stabilizer and filler. 
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Example A-S 



To 20% aqueous solution of maltopentaose, commercialized by Hayashibara Biochemical I ahnra w ioo ,„„ 

s h a m «thod»nExarnpleA-l.andsubj^^ 

Lt SiFTT ° f ^J 3 ^ d S b - matt °P enteose in *> non-reducing saccharide P .11. The earfon S e wSS 
charcoal, desalted wrth .on-exchange resins in H- and OH-form. and concentrated. In order to increasTthe r^ntPn ^ 

io by us.ng an alkaline metal strongly-acidic cation exchange resin to obtain a P 111-richTaction The7Sn^S 

The product contained 99.0% P III as a non-reducing saccharide, d.s.b., and exhibited a DE of lower than about 

is J^lT h t ' Ch ' S eXfrem6ly IOW The pr0dUCt haS 3 s,i9ht sweetness and «" ^ arbitrary used KSi£S? 
w cosmetcs and pharmaceufccals as a sweetener, taste-improving agent, qualrty-improving agem anTsteb^n 

Example A-6 

,n t ^ ^ ^ by W6i9ht ° f " PINE " DEX a Partial starch hydrolysate commercialized by Matsutani Chemical ind 
^ d,SSOh/ed ^ 60 ^ by W6i9ht ° f Water ' 3nd resu «ant solution was heateiT^C 
the ItZ T T T P6r 9 Parti ^' Starch °' a non-reducing saccharide-forminTenz^e preS^by 

OH SSSi^T ^ ■ "SI SUbJ ' eCted t0 " 6nZymatiC reacCon ^96 hours while keeping at theT^eXe a S 

* S ™^f»r 0,adUi, " , ^ IO * BUn a massecute «* a °< cr>stallizaST a S«% 



« Example A-7 



*m2Z t£o! SH T is E , - POl «l StarCh ^ admiX6d by Stirri " 9 With 6 P 3115 by wei9ht of fining 0.01% per g 
siarcn ot NbU-SPITASE , a-amylase commerc alized by Naaase Bioehpminak: i m J* " H H 

rap,d.y cooled to 55»C. adjusted to pH 7.0. admbced with 150 units per g staTch of TUuSSSS? f 2 1 4^- an 
enzyme specimen commercialized by Hayashibara Biochemical Laboratories Inc OtavamaTnTn »«h , * "1 ' ' 

55 The reaction mixture was autoclaved at 1 20°C for 1 0 min. cooled to 45°C, admixed with 2 units oer a starry of a 

.n Exper merit 13. and subjected to an enzymatic reaction for 64 hours. The reaction mixture was Sed Z 

mm. cooled and filtered. The resultant filtrate was in the usual manner decolored with 2^S232^<22iJS 
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and purified with ion-exchange resins of H- and OH-form. The resultant solution was concentrated and spray dried to 
obtain a powdery non-reducing saccharides in a yield of about 90%. d.s.b. 

The product exhibits a DE 1 1 .2. contains 2.9% P I, 61 .5% P II and 0.8% P III. d.s.b:. and has a mild and high-quality 
sweetness, as well as a satisfiable viscosity and moisture-retaining ability, and these render it arbitrary useful in com- 
positions such as food products, cosmetics and pharmaceuticals as a sweetener, taste-improving agent, quality-improv- 
ing agent and stabilizer. 



A seed culture of a microorganism of Arthrobactersp. Q36 (FERM BP-4316) was inoculated in a nutrient culture 
medium and cultured with a fermentor for about 72 hours in accordance with the method in Experiment 9. The resultant 
culture was centrifuged to remove cells, and the resultant supernatant was concentrated by about 10 times with a UF- 
membrane to obtain an enzyme solution containing about 15.2 units/ml of the present non-reducing saccharide-forming 
enzyme. 

In accordance with the method in Example A-3. 30% suspension of corn starch was subjected to the action of an 
a-amylase specimen commercialized by Novo Industri A/S, Copenhagen. Denmark; a maltotetraose forming amylase 
specimen commercialized by Hayashibara Biochemical Laboratories, Inc., Okayama, Japan; and an a-amylase speci- 
men commercialized by Ueda Chemical Co. , Ltd. , Osaka, Japan. The resultant mixture was autoclaved at 1 20°C, cooled 
to 45°C, admixed with 2 units per g starch of a non-reducing saccharide-forming enzyme prepared by the above-men- 
tioned method, and subjected to an enzymatic reaction for 64 hours. The reaction mixture was heated at 100°C for 10 
min to inactivate the remaining enzyme. In accordance with the method in Example A-6, the resultant solution was 
subjected to the action of glucoamylase commercialized by Nagase Biochemicals. Ltd., Kyoto. Japan, decolored, 
desalted and concentrated into an about 60% solution. The saccharide solution thus obtained contained about 25% 
trehalose, d.s.b. The saccharide solution was fractionated on column chromatography using a strongly-acidic cation- 
exchange resin to obtain fractions rich in trehalose. The fractions were pooled, placed in a vessel and boiled down under 
a reduced pressure into a syrup with a moisture content of about 4.0%. The syrup was placed in a crystallizer and 
admixed with one % of anhydrous crystalline trehalose, as a seed crystal, with respect to the syrup, d.s.b., followed by 
crystallizing anhydrous crystalline trehalose at 95°C for 5 min while stirring. The resultant was transferred to an aluminum 
container and aged at 100°C for 6 hours to form a block. The resultant block was pulverized by a cutting machine and 
subjected to afluidized-bed drying to obtain a powdery anhydrous crystalline trehalose with a moisture content of about 
0.3%. 

The product can be arbitrary used in hydrous matters such as food products, cosmetics and pharmaceuticals, and 
their materials and intermediates as a desiccant. as well as a white powdery sweetener with a high-quality and mild 
sweetness. 

Example B-1 

Sweetener 

To one part by weight of a powdery product rich in non-reducing saccharides, obtained by the method in Example 
A-4, was homogeneously added 0.01 part by weight of "ccG Sweet", a-glycosyl stevioside commercialized by Toyo Sugar 
Refining Co., Ltd., Tokyo. Japan, and 0.01 part by weight of L-aspartyl-L-phenylalanine methylester commercialized by 
Ajinomoto Co., Ltd., and the mixture was fed to a granulator to obtain a granular sweetener. The product has a satisfiable 
sweetness and a 2-fold higher sweetening power of sucrose, and the caloric value is lowered to about 1/2 of that of 
sucrose. 

The product having a satisfiable stability neither affects nor decomposes other sweeteners with a relatively-high 
sweetness when mixed with them, and because of this it can be suitably used as a low-caloric sweetener for low-caloric 
food products for fat persons and diabetics who are restricted to a reduced calorie intake. 

The product scarcely forms acid and insoluble glucans when dental carries-inducing microorganisms act on it, and 
i this renders it useful for sweetening food products directed to the prevention of dental carries. 



One hundred parts by weight of 55% sucrose solution was mixed with 30 parts by weight of a syrup containing non- 
reducing saccharides, obtained by the method in Example A-3, and the resultant mixture was concentrated by heating 
in wacuounfil the moisture content lowered to below 2%. The concentrated solution was admixed with one part by weight 
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Example B-3 
Chewing aum 

The product is a chewing gum having a satisfiable texture and taste. 
Example R-4 

Sweetened c ondensed milk 

20 one ™r?hT?M ° f * ^ containin 9 n°n-reducing saccharides obtained by the method in Example A-1 and 

Example B-S 

Beverage containing lartir a dd bacteria 

30 



Powdered juice 
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Example B-7 
Custard cream 

One hundred parts by weight of corn starch, 100 parts by weight of a syrup containing non-reducing saccharides 
obtained by the method in Example A-3. 80 parts by weight of maltose. 20 parts by weight of sucrose, and one part by 
weight of salt were mixed to homogeneity. The resultant mixture was admixed with 280 parts by weight of egg. and 
gradually added with 1,000 parts by weight of a boiling milk. The mixture thus obtained was continued stirring while 
heating, and the heating was stopped when the corn starch in the mixture was completely gelatinized to give the whole 
contents semitransparent. followed by cooling the resultant and adding thereto an adequate amount of a vanilla flavor. 
The resultant mixture was weighed, injected and packaged to obtain the desired product. 

The product has a smooth surface and gloss, as well as a mild taste and sweetness. 

Example B-8 



Ten parts by weight of adzukibeans as a material was boiled by the addition of water in the usual manner, followed 
by removing the astringency and harshness of the beans, as well as water-soluble impurities, to obtain about 21kg 
"adzuki-tsubu-arf. To the resultant was added 14 parts by weight of sucrose, 5 parts by weight of a syrup containing 
non-reducing saccharides obtained by the method in Example A-3. and 4 parts by weight of water, and the resultant 
mixture was boiled, mixed with a small amount of salad oil, and carefully kneaded up so as not to paste the beans. Thus, 
the desired product was obtained in a yield of about 35kg. 

The product free from discoloration induced by boiling has a satisfiable taste and flavor, and these render it useful 
as a material an for bean-jam buns, buns with bean-jam filling, dumplings, bean-jam-filled wafers, sherbets and ice 
creams. 

Example B-9 

Bread 

One hundred parts by weight of wheat powder, 2 parts by weight of yeast. 5 parts by weight of sugar, one part by 
weight of a powder containing non-reducing saccharides obtained by the method in Example A-7, 0.1 part by weight of 
inorganic yeast food were kneaded with water in the usual manner to effect fermentation at 26°C for 2 hours, and further 
aged for 30 min, followed by baking up the resultant. 

The product is a high-quality bread having a satisfiable hue and rising, as well as a satisfiable elasticity and mild 
sweetness. 

Example B-10 

Ham 

To one thousand parts by weight of ham meat slices was added and ground to homogeneity 15 parts by weight of 
salt and 3 parts by weight of potassium nitrate, and the resultant slices were piled up and allowed to stand overnight in 
a cold-storage room. Thereafter, the resultant slices were first soaked for 7 days in a cold-storage room in a salt solution 
consisting of 500 parts by weight of water. 100 parts by weight of salt, 3 parts by weight potassium nitrate, 40 parts by 
weight of a powder containing non-reducing saccharides prepared by the method in Example A-7, and an adequate 
amount of a peppermint, then washed with cold water in the usual manner, tied up, smoked, cooked, cooled and packaged 
to obtain the desired product. 

The product is a high-quality ham having a satisfiable hue. taste and flavor. 

Example B-1 1 



Forty % "Hinute S", a peptide solution of edible soy beans commercialized by Fuji Oil Co., Ltd., Tokyo, Japan, was 
mixed with 2 parts by weight of a powder containing hydrous crystalline trehalose prepared by the method in Example 
A-6, and the resultant mixture was placed in a plastic vessel, dried in vacuo at 50°C, and pulverized to obtain a powdery 
peptide. The product having a satisfiable taste and flavor can be arbitrary used as a material for confectioneries such 
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SSSf* Sh6rbetS CreamS> 35 We " 35 ^ fa0dB and theraDeu «c nation in the form of orai and intubation 

Example R-19 

Powdery egg yolk 

1 

Egg yolks prepared from fresh eggs were sterilized at 60-64°C by a Dlate heater and the roe , M 
' to one part by we.ght of the liquid. The resultant mixture was transferred to a vessel allowed SlliT^ 

Z^^T^T™™ treha ' 0Se ^ * COnve " >Wo^r^n£^T£Z 

thus obtained was pulverized by a cutting machine to obtain a powdery egg yolk. uena.ose. ne Diock 

The product can be arbitrary used as a material for confectioneries for premixes sherbets ice crearm anH *m. 

Example B-13 
Cosmetic cream 

Two parts by weight of polyoxyethylene glycol monostearate, 5 parts by weight of glyceryl monostearate self emi.i 
27? ^ ? W f ° ht ° f 3 P ° Wder " Ch non - reducin 9 saccharides obtained by ^SmS^Z^^ 



Example B-14 
Solid pha rmaceutical 



The product can be orally administered as a sublingual tablet to patients at a dose of 1 m taw-w^ . M 
arbrtrao .used to treat viral diseases, al.ergys. rheumatisms, diab^J^^^ 



Example B-1S 
Sugar coated taN^t 
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pullulan, and 34 parts by weight of water, and glossed with a liquid wax to obtain a sugar coated tablet having a satisf iable 
gloss and appearance. 

The product has a relatively-high shock tolerance and retains its high quality for a relatively-long period of time. 
As evident from above, the present novel non-reducing saccharide-forming enzyme converts reducing partial starch 

5 hydrolysates into non-reducing saccharides in a satisfactorily-high yield under a relatively-mild enzymatic reaction con- 
dition without changing the degrees of glucose polymerization of the reducing partial starch hydrolysates. The non- 
reducing saccharides, which can be readily separated and purified, and relatively-low reducing saccharides containing 
them, as well as trehalose prepared from these saccharides, have a satisfiable stability, quality and mild sweetness. 
These products are assimilated and utilized as an energy source by the body when orally administered. These non- 

10 reducing saccharides, relatively-low reducing saccharides containing them, and trehalose prepared from these saccha- 
rides can be arbitrary used in compositions such as food products, cosmetics and pharmaceuticals as a sweetener, 
taste-improving agent, quality-improving agent, stabilizer and filler. 

Thus, the present invention provides a novel technique to prepare in an industrial -scale and at a relatively-low cost 
non-reducing saccharides, which could not have been readily obtained in spite of their great demands, by using reducing 

rs partial starch hydrolysates prepared from starch as a cheap and abundant source, as well as to prepare relatively-low 
reducing saccharides containing the non-reducing saccharides, and trehalose prepared from these saccharides. The 
present invention has a great influence on the fields such as starch-, enzyme- and biochemical -sciences; and other 
industrial fields, especially, food-, cosmetic- and pharmaceutical-industries, as well asforestry, fisheries, and agricultural- 
, livestock- and chemical-industries. Thus, the influence of the present invention on these fields is unfathomable. 

20 While there has been described what is at present considered to be the preferred embodiments of the invention, it 
will be understood the various modifications may be made therein, and it is intended to cover in the appended claims 
all such modifications as fall within the true spirits and scope of the invention. 

Claims 

25 

1 . A method for purifying trehalose, which comprises: 

(a) providing an aqueous trehalose solution; 

(b) concentrating the aqueous trehalose solution to crystallize trehalose; and 
30 (c) separating and collecting the crystallized crystalline trehalose hydrate. 

2. A method according to daim 1 , wherein the concentration of said aqueous trehalose solution is in the range of about 
65-90 w/w %, and the trehalose content in said aqueous trehalose solution is at least 65 w/w %, on a dry solid basis. 

35 3. A method according to claim 1 or claim 2. wherein said aqueous trehalose solution is prepared with a partial hydro- 
lysate of a reducing amylaceous saccharide. 

4. A method according to any of claims 1 to 3, wherein the step (b) is effected under cooling conditions. 
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FIG ■ 4 
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FIG. 5 
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FIG. 8 
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